UCRL-JC-118600
PREPRINT

MeshTV: Scientific Visualization and
Graphical Analysis Software

L. J. Roberts
E. S. Brugger
S. G. Wookey

This paper was prepared for submittal to the

Nuclear Explosives Code Development Conference
Las Vegas, Nevada
October 25 - 30, 1998

February 8, 1999

This is a preprint of a paper intended for publication in a journal or proceedings.
Since changes may be made before publication, this preprint is made available with
the understanding that it will not be cited or reproduced without the permission of the
author.




DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.



NECDC October 1998

MeshTV: Scientific Visualization and
Graphical Analysis Softwae

L. J. Roberts, E. S. Bruggg S. G.Wookey
Lawrence Livermae National Laboratory

The increasirg data compkxity engendeed by the Acceleated Scientifc Computirg Initiative
(ASC) requres mare capability in our scientift visualization softwae. B Division at Lawrence
Livermae Nationd Labaatory (LLNL) addresss thes new and changirg requremens with
MeshV. We began work on Mesh'V arourd eight yeairs ago, and hawe progressivey refinal the
softwae to provide improved scientifc analyss and visualizatian to wel ove 100 uses at Liver-
mae, Los Alamos, Sandia, and in private indust)
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Introduction

In apost-nucleated environment physics simulatiors becone an importart window into the
nuclea physics world. Of necessy, thes simulatiors have grown in size and compkxity in an
attemp to modéd reality. Given tha we can no longe test the accuray of thes simulations
becomes ever more crucid as the stockpik ages and we are confrontel with situatiors for which
no test dataxist.

Scientifc analyss and visualizatioo mud travel in lockste with advances in our physics
codes Code developes nedl to see their datato determire if their codes run correctly. Designers
neel to see their datato assue theirr designsUsers neal to examine the world of their simulations
to develop intuition with mw physics models.

As Mesh1V developerswe understad the unique nuclea desigh environment and we focus
on modifying the code to suppot changsin physics simulations Our in-houg natue gives usthe
advantagp of working alongsict the very peopk taskel to implemert the codes of the future This
close communication reflects paoggly into MeshTVs capabilities.

Code description _ _ S .
MeshTV provides graphic analyss for visualizing and analyzirg dat on two- and three-

dimension& (2D, 3D) finite elemen mesheslt handles many differert mesh types provides dif-
ferert ways of viewing the datg and removes mog kinds of hardwae or venda dependenewhile
still providing graphic at the speel of the naive graphis hardware MeshTV suppors collinear
ard non-collinea quadrilaterameshesas well as unstructurd (UCD) and point meshesFor a
definition of these meshes, please see the section titled “Computational mesh destriptions

MeshTV runs unde a Motif-baseal Graphica Use Interfae (GUI), or acommauml line inter-
face The commaun line interfae can be useal eithe as partt of the GUI or as aseparag interface
which allows inputting dired commandsMeshTV can also read commang from files, allowing
uses to write MeshTV scripts to run batd jobs or to reped a series of operatiors on successe
files.

Definitions _ 3 _ o
This documen uses sonme words tha might be unfamiliar. Pleag refer to this sectin if you

encounter unfamiliar terms.
Node A mathematical point. The fundamental unit of a zone.



NECDC October 1998

Zone An area or volume forming amesh-blockor cell. Zones are
polygors or polyheda with nodes as vertices Zones are
occupied by one or more materials.

Block The fundamenth building block of a computationamesh
tha defines the nodd coordinats of one contiguots section
of a mesh, also lawn as a mesh-block.

Mesh A collection of one or more blocks A mes can be com-
poseal of blocks of differert types sud as quadrilaterbor
unstructured Definitions of the various types of meshes
referral to in this documem are included in the Computa-
tional mesh descriptions section.

Material A physica materid being modela in a compute simula-
tion. A material consists of one or more material species.

Material Species A single componehof a material A materid contairs one
or more materid speciesFor example the materid Air con-
tains the specis Oxygen and the specie Nitrogen The por-
tion of the materid in a zore for a particula material
specis is measurd by mas fraction, since the specie are
assumd to be distributed evenly throughoa the materid in
the zone.

Multi-Species Material A material with more than one material species.
Single-Species Matetia A material with one material species.

Mixed Zone A zore containirg multiple materials Also called a Mixed
Material Zone.

Clean Zone A zone containing only one material.

Variable Data associatéd with a computationamesh Variables usu-

ally represenvalues of sone physics quantit, like pressure
or densiy. Values are locatal eithe at the mesh nodes or as
constants throughout the zones.

Capabilities
Plot types.The plot types MeshTV implements include:
» Material boundary plots (lines or filled areas for 2D mesh dat&gcas for 3D meshes).
* Iso-contours (lines or pseudocolor for 2D mesh datéases for 3D meshes).
» Block plots (domain decompositions).
* Mesh plots.
» Label plots (node numbers, zone numbersatiues of avariable).
* Vector plots.

» 3D surface plots of 2D mesh data.
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» Stereoscopic @ving of any 3D image on machines with stereoscopic support.

Operations. Often scientiss wart to visualize the resuls of operatios on their simulation
data. MeshTV pwvides the folbwing operations:

» Reflection.

» Orthogonal and arbitrary slicing of 3D data.

» Material species selection.

* Index selection (i.e., zoom in on agion that is specified by nodal indices).

* Algebrac and mathematichfunction manipulation of data MeshTV plots the resuls of
expressionsnvolving arithmetic operators and mesriables operands.

Comparison of Data.MeshTV albws comparison of data through the daling features:
* Multiple graphics windws for side-by-side comparison.
* Overlaying of images.

* Simultaneos display of daia from many differert files (or differert dat from the same
file) either in separate wind/s or aoverlays.

Data query. MeshTV provides quantitaive dai@ to the use. The use obtairs thee data
through the folbwing techniques:

* Pick ard quer in 2D. When the use picks a point on the plot with the mouse MeshTV
prints the coordinate and the value of the variabk plotted (sud as pressurgtemperature,
or density) to a separate wiowl

* Lineouts or value versis distan@ plots When the use draws aline acros the plot,
MeshTV plots the value of the variabk as afunction of distan@ along the line to asepa-
rate winaw.

» Labels Users can creat alabd plot of avariable This places the value of the variable at
the corresponding node or zone.

Parallel code Mesh1V runsin parallé on various parallé platforms This new functionality
will doubtles suffer sonme problems but MeshTV s developes are dedicaté to fully supporting
this capabiliy.

Animation. MeshTV can save a series of raste images then replay them to produe an ani-
mation on the screenMeshTV can also automaticaly generaé MPEG movies, though this capa-
bility is new and is currentlyery limited.

Distributed mode. MeshTV can operae in a distributed mode A running simulatian on a
remoe machire can interactvely serd dat directly to MeshTV. The use can interad with this
da@ in the sane manne as with dat from afile. Many simulatiors on differert machine can
serd datato asingle MeshTV executabé running on the usets workstation Thisdag@is displayed
in different winaws.
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File formats. MeshTV can real two differert file formats the graphic file producel by
DY NAS3D (which uses IEEE 32-bit floating-poirt number$ and the Silo format Silo implements
an application progran interface expressy designé for accessig scientific data The Silo library
defines asd of objecs for handlirg differert meshesData in aSilo file is self-describig (hame,
array rank dimensia size etc) This allows Mesh1V to display the names of the variablesin the
selecté file asmeru selectios in the GUI, so the use knows the contens of the file and wha can
be plottedWe plan to ework Silo to sit on top of HDF5, when it is released.

Futur e capabilities. We consistenyy updae MeshTV with new capabilities Sone planned
extensions include:

» Time-history plots.
* Pick and query capability in 3D.
* Interactve 3D selection of slice planes.

* “Onion-peet capabiliy. This featue would allow uses to selet¢ a zore ard then the

zoneés neighboriry zones The use can then show the next layer of neighborirg zones,
and so on.

Computational mesh descriptions

Quadrilateral-based meshes and related data. A quadrilateramesh contairs four nodes per
zore in 2D ard eight nodes per zore (four nodes per zore face in 3D. Quadrilaterbmeshe can
be eithea collinea or non-collinea, but they mug be logically rectangula Sone uses refer to

collinea meshs as rectilinea meshesand to non-collinea meshe as curvilinea meshesSee
Figure 1 for anexample of the two mesh types.

Collinear Non-collinear
Y \%
X X
X ={0.0,1.0,2.0,3.0, X:{S%gg%%
_ 10500 0.0.0.4.0.8,
Y ={0.0,1.0,2.0,3.0} 0:0.0.000}
Y = {0.0,0.0,0.0,
0.0,0.4,0.8,
0.0,0.8,1.6,
0.0,1.0,2.0}

Figure 1. Examples of quadrilateral meshes

A quadrilateramed can have “phony” zones—alayer of zones adjacemto one or more of the
“real” medh boundaris (Figure 2). This featue allows codes to simulae bounday conditions,
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sud asapressue profile. Thee zones contan dat used in physics simulatiors for calculatiorsin
nearby zonedyut graphics applications shoulemver plot them.

“Phony” zones

......................

Figure 2. Phay zones arourd a
collinear quadrilateral mesh.

Unstructured meshes and related data. An unstructurd med isagenerdamed representa-
tion composd of an arbitrawy list of zones of arbitray sizes and shapesAn unstructurd mesh
can represehmog meshesincluding quadrilateral(Figure 3). However, becaus of their general-
ity, unstructurd meshe require more storag spae and algorithns with greate compkxity to
generate scenes, such as a 2D slice from a 3D data set.

Figure 3. Sample 2D unstructured meshes

In unstructurd meshesthe bastc concep of zones (cells) still applies but, unlike the quadri-
laterd mesh there is no longa an implied connedcivity betwea a zore and its neighba. For
example given a2D quadrilaterames zorne accesse by (i, j), you can calculage its neighbos as
(i-1,j), (i+1,), (i, j-1), ard so on. There is no way to calculae the neighborig zones on an
unstructured mesh.

In an unstructurd mesh a list of nodes defines eady zone An unstructurd mes might be
compose of zones of differert shapesFigure 4 shows the zore shape B Division currenty uses.
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[ ]
Point Line Triangle Quadrilateral
Tetrahedron Pyramid Prism Hexahedron

Figure 4. Unstructured 2D and 3D cell shapes

Point meshes and related data. A point med consiss of a sd of locations or points in
space Physie simulatiors use this type of mes to represethrandon scala datg sud as tracer
particles.

Contact info and documentation ) )
MeshTV sweb site (http://mwww.lInl.gov/bdiv/imeshtv) provides free sour@ code documenta-

tion, and examples of code capabilities You can download executable for the foll owing operat-
ing systems:

« IBMAIX

« HP_UX9
» Irix5 (SGI)
» Irix6 (SGI)
* Linux

« OSF

* Solaris (Sun)

MeshTV documentatio exists in both PostScrip and HTML formats Documentation
includes the Mesh'V Getting Started Manual which walks the use throudh a tutorial, the
MeshW Commau Line Interface Manual which detaik the commanl synta for using MeshTV
in batdh mode and the Mesh'V User's Manual which describe MeshTV s Graphicd Use Inter-
face (The Users Manud shout be releasd by Januay 1999) The accompaying Silo User's
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Guide helps code developes instrumen their codes to produe Silo files, eithe restat files or
graphics data.

You can emal MeshTV developes a MeshTV@lInl.gov. We would love for you to use
MeshTV, and wére happy to help get you started.
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